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Introduction 
Several long-term monitoring studies describing the water quality and biological 
condition of Southeastern estuaries (National Estuarine Eutrophication Assessment Project, 
South Carolina Estuarine and Coastal Assessment Program (SCECAP), Environmental 
Monitoring and Assessment Program (EMAP), South Carolina Harmful Algal Bloom Program 
(SCHAB), South Carolina Tidal Creek Project, and others) have been developed.  Many of the 
same water quality issues determined for open estuaries are also found in coastal stormwater 
ponds, and there are important interactions between the man-made ponds and the natural 
systems.  Researchers have highlighted problems such as nutrient eutrophication, bacterial and 
chemical contamination, hypoxia, and harmful algal blooms (HABs).  This technical 
memorandum summarizes the state-of-the-knowledge of water quality indicators (dissolved 
oxygen, nutrients, and chlorophyll a), and harmful algae in Southeastern coastal stormwater 
ponds. 
 
Water Quality 
Poor water circulation and high pollutant loading from urban areas contribute to a 
number of water quality problems in stormwater ponds (Novotny 1995).  Eutrophication can be 
induced by runoff after fertilizer applications, fecal material input, and additional urban runoff 
from domestic wastewater and impervious surfaces (Bricker et al. 1999, WHO 1999).  High 
nutrient levels can lead to excessive algal growth (e.g. Glibert et al. 2001) and the potential 
development of harmful algal blooms.  Stormwater ponds in the Southeastern coastal zone are 
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often characterized as having stratified water columns, high concentrations of nutrients, and 
warm water temperatures.  
Serrano and DeLorenzo (2007) describe some of the water quality conditions expected in 
coastal stormwater ponds.  Measurements were collected from 2004-2005 for an 11-acre 
freshwater stormwater pond (Lake Edmonds (LE)) and the adjacent tidal creek (Kushiwah Creek 
(KC)).  There were high dissolved oxygen (DO) concentrations associated with algal bloom 
development, but average summer DO concentrations were below the guideline of 4 mg/L where 
water quality is considered poor and potentially stressful for organisms (SCDHEC 2001).  Tidal 
creeks are normally stressful sites for DO; for example, monitoring data showed that 46% of SC 
tidal creek habitat had a daily average bottom DO <4 mg/L during the summer (Van Dolah et al. 
2002).  Algal blooms add to the variability in DO, inducing very high DO during the day, then 
very low DO at night, and when the bloom dies. 
 The average monthly total nitrogen concentrations in Lake Edmonds for July and 
November of 2004, and February and March of 2005 exceeded the EPA criteria of 0.37 (0.32-
0.41) established for reference lakes and reservoirs and would be considered eutrophic (USEPA, 
2001).  Similarly, average monthly nitrogen levels in Kushiwah Creek exceeded the estuarine 
eutrophication guideline of 1mg/L (Bricker et al. 1999) in June, August, and December of 2004, 
and in March and June of 2005.  Both the lake and creek would be considered highly eutrophic 
in terms of phosphorus throughout the year.  All pond and tidal creek samples had higher 
orthophosphate concentrations than the total phosphorus guideline for lakes and reservoirs (0.036 
mg/L (0.024-0.048 mg/L)) (USEPA 2001) and estuarine waters (0.1 mg/L) (Bricker et al. 1999).  
Maximum levels of chlorophyll reached 280 µg/L (June 2004) for LE and 150 µg/L for KC (July 
2004).  All of the samples collected from LE had higher chlorophyll levels than the USEPA 
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eutrophication standard of 4.1 µg/L established for lakes and reservoirs (USEPA 2001).   For 
KC, all of the samples except December through May 2005 exceeded the chlorophyll hyper-
eutrophic guideline of 60 µg/L, established for estuarine waters (Bricker et al. 1999).  The high 
chlorophyll concentrations measured in both the stormwater pond and the tidal creek 
corresponded with dense algal blooms in the pond.  There was a significant positive relationship 
(Kendall’s multiple correlation analysis) between chlorophyll levels and nitrate/nitrite 
concentrations in LE (R = 0.34, p= 0.026), suggesting a relationship between nutrient levels and 
algal bloom development.   
In conjunction with and in response to the 2006 Stormwater Pond Initiative, South 
Carolina Department of Health and Environmental Control-Office of Coastal Resource 
Management (SCDHEC-OCRM) conducted a baseline study of the water quality conditions in 
112 coastal stormwater ponds.  The study found that although nutrients tended to be low and DO 
tended to be high (DO > 4 mg L-1 in 79% of the ponds), chlorophyll a concentrations were high 
(≥ 40 µg L-1 in approximately 32% of the ponds) (SCDHEC 2007).  Analysis of the 25 samples 
with chlorophyll concentrations > 60 µg L-1 found that 80% contained algal blooms, including 
HABs (SCDHEC 2007).  
In North Carolina, Mallin et al. (2000, 2004) also reported elevated levels of nitrogen to 
be associated with increased phytoplankton productivity, hypoxic and anoxic conditions, fish 
kills and the loss of submerged aquatic vegetation.  In a 2002 to 2005 survey of six Kiawah 
Island, SC ponds, Brock (2006) found a mean DIN:DIP ratio of 0.23, indicating that maintenance 
of high phytoplankton biomass would presumably be limited by nitrogen rather than phosphorus 
supply, and suggesting that management strategies targeting nitrogen reduction would be more 
effective in mitigating pond eutrophication than those targeting phosphorus.  Brock (2006) also 
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reported that nutrients were seasonally variable, and highly available to phytoplankton 
communities when in the inorganic form (i.e., nitrates, nitrites and ammonium).  Mean 
chlorophyll a values were classified as highly-eutrophic to hyper-eutrophic (Bricker et al. 1999) 
for all ponds, and in all seasons.  Mallin et al. (2002) surveyed several North Carolina wet 
detention ponds and found highly variable nutrient removal efficiency.  Some ponds were very 
effective in removing nutrients, while others had greater nutrient concentrations in the pond 
outflow compared with the inputs.  This indicates potential for inefficient coastal stormwater 
ponds to serve as sources of nutrient loading contamination for estuaries.  Paerl (1997) suggested 
that the increase in anthropogenic nutrient inputs in recent decades have transformed previously 
oligotrophic coastal waters to eutrophic status.  These nutrient impacted coastal waters have been 
experiencing what Smayda (1990) describes as an epidemic increase in HABs. 
Harmful Algal Blooms 
The prevalence of HABs in SC coastal ponds is an indication of their eutrophic state.  
The association between coastal eutrophication and HAB prevalence has been an issue of 
growing concern over the last two decades (Smayda 1989, 1990, Hallegraeff 1993, Paerl 1997, 
Burkholder 2001a, GEOHAB 2001).   In fact, the prevalence of HABs is thought to have 
increased globally over the last 2–3 decades, and has been attributed to an increase in 
anthropogenic nutrient loading (Anderson 1989, Smayda 1990, Hallegraeff 1993, Paerl 1997). 
Lewitus et al. (2003) described stormwater ponds as “incubators” for harmful algal blooms 
(HABs).  "Harmful algal blooms pose a serious threat to human health and are economically 
challenging to our coastal communities," said retired Navy Vice Admiral Conrad C. 
Lautenbacher, Jr., Ph.D., former Undersecretary of Commerce for Oceans and Atmosphere and 
NOAA administrator. 
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In response to stormwater pond HABs, the SC Task Group on Harmful Algae 
(www.scseagrant.org/oldsite/schab.htm) was formed in 1997, to monitor HAB events and inform 
the public of HAB risks.  The South Carolina Harmful Algal Bloom Program (SCHABP) was 
created in October 2000 as a statewide, coordinated research effort to document the statewide 
distribution of HABs in SC.  The program consists of seasonal monitoring for HABs and 
response to acute events.  The SCHABP has documented HABs of 26 species, determined the 
common presence of HABs in coastal stormwater ponds, and established the association of 
HABs with SC fish kills either indirectly (through oxygen depletion) or directly (through toxin 
production).  The SCHABP also promotes outreach to educate SC citizens, managers, and public 
officials about HABs. 
The volunteer Phytoplankton Monitoring Network (PMN) is a NOAA-sponsored 
community outreach program developed to increase awareness of harmful algae to constituent 
groups and directly involve volunteers in coastal stewardship by participation in phytoplankton 
sampling and identification.  Currently the program has 103 sites from North Carolina to Texas, 
with additional sites in Massachusetts, Hawaii and the US Virgin Islands.  The majority of the 
volunteer groups include teachers and students, however universities, aquariums, and 
environmental and citizen groups also participate.  During 2006-2007, approximately 2000 
participants were actively involved in PMN programs and monitoring activities.  Volunteers are 
instructed on algae identification and sample on a weekly or biweekly basis, reporting their data 
via a secure web portal to researchers at the Marine Biotoxins Program.  Data from volunteer 
groups enable researchers to identify problem areas to isolate for further study.  Since the 
inception of the program in 2001, over 70 blooms have been observed by volunteer groups 
(http://www.chbr.noaa.gov/pmn/). 
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Twenty-five harmful algal bloom species have been identified in South Carolina waters 
(Wilde et al. 2005).  Most blooms are attributed to cyanobacteria, raphidophyte, and 
dinoflagellate species.  Many of these blooms have been associated with measured toxins, fish 
kills, and shellfish stress indicators (Wilde et al. 2005). 
Cyanobacteria 
Algal toxin production depends on several factors such as the biology of the algae (toxic 
vs. non-toxic strains), environmental factors (Aboal and Puig 2005), and the physical condition 
of the cell (Orr and Jones 1998, Vézie et al. 2002).  In freshwater and brackish systems, toxins 
are most commonly produced by cyanobacterial (blue-green algae) species (Watanabe et al. 
1995, Onodera et al.1997, Vieira et al. 2005).  The presence of cyanotoxins in the water may 
represent a risk to residents who use the pond for recreational activities such as boating and 
fishing (WHO 1999, Van Dolah et al. 2001, Balmer-Hanchey et al. 2003).  In addition, health 
risks to domestic and wild animals that drink or swim in the water from the pond are possible.  
Dense cyanobacterial blooms can also be associated with unpleasant odors and undesirable views 
that may lead to decreased property values.   
The hepatotoxin, microcystin, is produced by several cyanobacterial species of the genera 
Microcystis, Anabaena, Nostoc, and Oscillatoria and represents a concern to human, wildlife, 
and pet health (WHO 1999, Freitas de Magalhaes et al. 2001).  Exposure to microcystin can be 
through oral and dermal exposure to contaminated water (WHO 1999, Van Dolah et al. 2001, 
Balmer-Hanchey et al. 2003).  Many of these HABs species have been documented in South 
Carolina coastal stormwater ponds (Lewitus et al. 2003, Brock 2006, Serrano and DeLorenzo 
2007).  
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Dense cyanobacterial blooms (concentrations greater than 1000 colonies/mL) occurred 
throughout a two-year sampling period of a coastal, residential stormwater pond, Lake Edmonds 
(LE) and the adjacent tidal creek, Kushiwah Creek (KC) (Serrano and DeLorenzo 2007).  These 
blooms were produced by species of the genera Anabaena (A. circinalis, A. spiroides, and A. 
spherical) and Microcystis (M. aeruginosa, M. incerta, and M. flos-aquae).  Downing et al. 
(2001) showed that phosphorus concentrations greater than 10 µg/L can induce a dominance of 
cyanobacterial species over other phytoplankton genera, which is consistent with the observed 
blooms of Anabaena and Microcystis in Lake Edmonds throughout the sampling period 2004-
2005, when average monthly phosphorus levels ranged from 29 to 1580 µg/L.  
The cyanobacterial species documented in LE are known to produce the algal toxin 
microcystin (Freitas de Magalhaes et al. 2001).  Microcystin was detected in several samples 
from all sites within LE and KC, some of which had concentrations exceeding the World Health 
Organization drinking water guideline of 1µg/L microcystin-LR (WHO 1999).  There is not 
currently a microcystin guideline for surface waters.  Microcystin concentrations exceeded the 
WHO standard in LE during September 2004, November 2004, and July 2005, and most of these 
detections were associated with algal blooms.  Detection of microcystin toxin concentrations 
greater than 1µg/L, although infrequent during the sampling period may be significant as this 
toxin is able to accumulate in the liver of aquatic and terrestrial organisms (WHO 1999, Freitas 
de Magalhaes et al. 2001).  Previous sampling in LE by the SCDNR-AEL found microcystin 
concentrations in July 2003 as high as 1926 µg/L (SCHABP final report 2001-2005).   
Anabaena sp. and Microcystis sp. were also detected in the adjacent estuary, KC, in 39% 
of the samples collected during 2004 and 2005, of which 78% of the detections coincided with 
algal blooms in LE.  Microcystin was detected in samples from the creek, coinciding with 
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presence of the toxin in the pond.  The microcystin concentration in KC exceeded the WHO 
standard in July 2005.  The chemical stability of microcystin will allow it to persist in the 
environment for several days or weeks after bloom decay (Lahti et al. 1997) at salinities up to 24 
ppt (Mazur and Plinski 2001).  Brock (2006) documented a persistent Microcystis bloom (lasting 
four-months, from September through November 2004) in a Kiawah Island brackish pond, with 
measured toxin levels always > 1 µg/L, and as high as 10,000 µg/L. 
Based on long-term monitoring of coastal stormwater ponds by the SCDNR-AEL, 
cyanobacteria were commonly the dominant phytoplankton species in low salinity waters.  For 
example, a compilation of samples from 2001-2005 blooms by several cyanobacterial species 
spanned all salinities, but 71% of these occurred at salinity ≤ 10 ppt.  Among the three most 
prevalent species, Microcystis bloomed most often at this low salinity range (86% of these 
blooms were at ≤ 10 ppt) but 63% of these were between 5.1 and 10 ppt.  Anabaena also 
bloomed mostly (72%) at salinities ≤ 10 ppt, while Oscillatoria blooms were more euryhaline, 
with 50% > 10 ppt and 29% > 20 ppt.  Many of these blooms were associated with measured 
toxins, fish kills, or shellfish health effects (Kempton et al. 2002a, Lewitus and Holland 2003, 
Lewitus et al. 2003, Keppler et al. 2005, 2006).   
An increasing diversity of cyanobacteria species are being linked with fish disease and 
fish kill events around the world (Glibert et al. 2005).  Researchers have documented effects of 
cyanobacterial toxins on fish behavior, as well as liver damage (Christoffersen 1996).  Jacquet et 
al. (2004) demonstrated reduced survival rates of Medaka embryos injected with microcystin, 
and abnormalities such as liver hypertrophy and hepatic hemorrhage were observed in post-
hatching juveniles.  Anatoxin poisoning (neurotoxins produced by species of Anabaena and 
Oscillatoria) has been linked to deaths of dogs, sheep, cattle, pigs and geese (Carmichael 2001).   
 13 
There are also examples of cyanotoxin-induced human health effects.  Microcystin-
contaminated water resulted in the death of approximately 70 dialysis patients in Brazil 
(Carmichael et al. 2001).  Carmichael (2001) cites a Cylindrospermopsis raciborskii algal bloom 
event that occurred in Solomon Dam, Palm Island, North Queensland, Australia in 1979 that led 
to severe hepatoenteritis in 138 people.  Cyanotoxins have been implicated in human illness (i.e., 
acute non-lethal or chronic toxicity) from municipal water supplies, especially after the algal 
bloom has been treated by copper sulfate to lyse the cells and release more of the toxins into the 
distribution system.  In these and other cases involving accidental ingestion, the symptoms 
reported include abdominal pain, nausea, vomiting, diarrhea, sore throat, dry cough, headache, 
blistering of the mouth, atypical pneumonia and elevated liver enzymes in the serum (especially 
gammaglutamyl transferase) (Chorus and Bartram 1999).  Cyanobacterial exposure may also 
lead to tumor formation, since microcystins and nodularins have been shown to promote tumors 
through their inhibition of protein phosphatases (Carmichael 2001). 
Dinoflagellates 
Pfiesteria spp., are toxic dinoflagellates that have been linked to numerous fish kills in 
coastal waters (e.g., Neuse River, NC and Chesapeake Bay, MD) (Burkholder & Glasgow 1997, 
Glasgow et al. 2001, Burkholder 2001b).  These species have also been identified in coastal 
stormwater ponds.  In March 2001, the SCHABP analyzed water samples collected by the SC 
Department of Health and Environmental Control (SCDHEC) from a fish kill in a Hilton Head 
Island subdivision brackish pond.  Microscopic analyses indicated high numbers of algae 
resembling Pfiesteria spp.  Subsequent DNA-based, polymerase chain reaction (PCR) assays and 
fish mortality bioassays confirmed the presence of Pfiesteria shumwayae and P. piscicida.  
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These findings provided evidence that these species may have been a causative factor in this fish 
kill (Lewitus & Holland 2003).   
In SCAEL monitoring samples Pfiesteria spp. were among the most prevalent bloom 
forming dinoflagellates in mid- to high-salinity stormwater ponds, but rarely reached high 
abundances.  Monitoring efforts for Pfiesteria spp. in brackish detention ponds focused on 14 
Kiawah Island ponds.  Two ponds, “K2” and “K5”, had a significantly higher prevalence of 
Pfiesteria-like organisms (PLOs).  Based on light microscopy, PLOs were observed in 67% of 
the samples collected in “K2” and 80% in “K5”.  Using real-time PCR (Bowers et al. 2000), 
Pfiesteria piscicida and P. shumwayae were confirmed in 47% and 82% of these samples, 
respectively.  In a survey of 60 Kiawah Island pond sediments using real-time PCR assays, P. 
piscicida was positive in 58% of the ponds surveyed, and P. shumwayae was positive in only 5% 
of the ponds.  In surveys of tidal creeks that exchange water with these same ponds, PCR assays 
for P. piscicida were positive in approximately 50% of the sediment samples collected, 
extending up to 1.5 km from the ponds.  The possibility that estuarine sediments contain 
Pfiesteria cysts has implications for the effects of dredging on increasing the distribution of these 
species.   
In addition to causing lesions and death in fish species, there are reports of human health 
effects from Pfiesteria exposure, particularly symptoms of neuropsychological disturbance, 
termed Possible Estuarine Associated Syndrome (Friedman & Levin 2005).  Several reports 
associate possible occupational (people working on the water, or in laboratories with Pfiesteria) 
exposure through dermal and/or inhalation of aerosolized toxin with neurobehavioral effects (as 
reviewed in Friedman & Levin 2005).  Symptoms included sensory disturbance, emotional and 
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cognitive disfunction, stomach and respiratory irritation, and memory loss.  These reports led to 
restricted use of Maryland waters, at a substantial economic loss (Friedman & Levin 2005). 
In 2002, a brackish detention pond fish kill located in Mount Pleasant, SC, was linked to 
a Karlodinium veneficum (formerly K. micrum) bloom, due either to the toxicity of the 
dinoflagellates, or the persistence of the bloom and subsequent low DO conditions (Kempton et 
al. 2002a).  A combination of morphological, biochemical, and molecular diagnostics was used 
to assess species identity of the bloom dinoflagellate, and measure toxicity of filtered water.  
Results from high performance liquid chromatographic (HPLC) pigment profiles, K. micrum-
specific polymerase chain reaction (PCR) assays, and gene sequence alignments confirmed that 
the dinoflagellate as K. micrum (Kempton et al. 2002b).  Results from fish necropsies also 
attributed fish death to an acute response.  Finally, hemolytic activity and ichthyotoxicity assays 
measured from water sample filtrates were consistent with toxin produced by K. micrum.  The 
results provide compelling evidence for toxic K. micrum as a causative factor in a SC brackish 
retention pond fish kill. 
Kryptoperidinium foliaceum and another dinoflagellate with similar morphological 
characteristics, Scrippsiella sp., are known as the South Carolina “red tide” species (Lewitus et 
al. 2001).  They are among the most prevalent HABs in SC tidal creeks (Kempton et al. 2002b, 
2004, Wolny et al. 2004), with Scrippsiella more commonly found in tidal creeks south of Bulls 
Bay.  Through the routine monitoring efforts of the SCHABP, K. foliaceum and Scrippsiella sp. 
have been identified in 570 and 351 samples, respectively, via light microscopy from September 
2001 through October 2005 (Wilde et al. 2005).   
Oyster and clam exposure to K. foliaceum blooms was shown to have sublethal impacts 
on oyster and clam health based on increased lysosomal destabilization rates (Lewitus et al. 
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2003).  K. foliaceum often blooms in humic-rich turbid water following rain events, and 
therefore the capability to use HMW DOM (a relatively labile component of humic matter) may 
select for this dinoflagellate over phytoplankton that have a greater reliance on photoautotrophic 
nutrition. In laboratory experiments, bloom populations and cultures of K. foliaceum exhibited 
high capabilities for rapid ingestion of high molecular weight dissolved organic matter, 
demonstrating the potential ability of K. foliaceum to form blooms in response to humic-rich 
loads. 
The Florida red tide dinoflagellate Karenia brevis (formerly Gymnodinium breve) has 
been associated with massive fish and marine mammal mortality events in the Gulf of Mexico 
(Flewelling et al. 2005).  K. brevis produces brevetoxin, which is accumulated in plant, fish, and 
shellfish tissues (Flewelling et al. 2005).  The toxin metabolites are persistent in shellfish, 
leading to potential risks to human health (Bottein-Dechraoui et al. 2007).  This species is not 
typically found in South Carolina waters. 
Raphidophytes 
Raphidophyte HAB species associated with SC fish kills include Heterosigma akashiwo, 
Chattonella subsalsa, Chattonella cf. verruculosa, and Fibrocapsa japonica.  These 
raphidophyte species were nearly ubiquitous in brackish ponds surveyed on Kiawah Island 
(Lewitus et al. 2003, 2004).  In a pre-development survey of the island by Zingmark (1975), 
these same species were not among the 240 phytoplankton taxa identified.   
AEL surveillance and response efforts have revealed the widespread occurrence of 
raphidophyte blooms in brackish lagoonal ponds.  From 2001-2005, raphidophytes were found in 
40% of 1502 pond site samples collected, and in 61 of 87 ponds sampled.  Samples with high 
raphidophyte abundances were common, encompassing 28 different ponds, and raphidophytes 
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frequently dominated phytoplankton community biomass.  Raphidophyte blooms were common 
in the spring through summer, but rare during the winter.  On 29 April 2003, an extensive bloom 
of Heterosigma akashiwo was observed offshore of Bulls Bay, SC, following a March-April 
Santee-Cooper freshwater rediversion.  The bloom extended 8 km offshore, and the spatial extent 
was estimated at ca. 207 km2 based on aerial observations and satellite imagery.  More than 
10,000 dead fish were estimated in the bloom area. 
The Bulls Bay bloom, and a subsequent H. akashiwo bloom in Shem Creek, SC, were 
also found to cause physiological stress (lysosomal destabilization) in oysters, similar to those 
caused by H. akashiwo cultures (Keppler et al. 2005).  The health of the oysters did not recover 
even after a 7-day depuration period.  These findings have implications for possible long-term 
effects on oyster reproductive capability even after short-term (48 hr) exposure (Wilde et al. 
2005). 
Tidally influenced stormwater detention ponds sampled by the SCDNR-AEL range in 
salinity from low brackish to marine, and not surprisingly, the type of HAB is associated with 
salinity properties.  In general, dinoflagellate and raphidophyte blooms were relatively prevalent 
under mid-brackish to marine conditions (Lewitus et al. 2003, 2004).  Four raphidophyte species 
were nearly ubiquitous in mid- to high-brackish ponds, Heterosigma akashiwo, Chattonella 
subsalsa, C. cf. verruculosa, and Fibrocapsa japonica.  Although salinity and temperature ranges 
generally overlapped, F. japonica was not found in waters < 10 ppt or < 22.6°C, and H. 
akashiwo did not occur in waters > 30 ppt (Lewitus et al. 2004).   
The raphidophytes Heterosigma akashiwo, Fibrocapsa japonica, and Chattonella 
subsalsa have been implicated in numerous fish kills globally, with a particular impact on 
aquaculture.  To understand the parameters that govern their growth, the SCDNR-AEL tested the 
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effects of trace metals and fecal extracts on the growth of H. akashiwo.  Results from trace metal 
additions indicated a high iron requirement for this species.  The fecal extract was also found to 
stimulate growth of H. akashiwo, suggesting that sources of iron (e.g. fertilizer) and fecal 
material (e.g. sewage, wildlife or pet excreta) may be stimulatory factors in raphidophyte bloom 
formation and/or maintenance. 
HAB, Bacterial, and Viral Interactions  
Bacteria and viruses have been shown to have complex interactions with HABs.  
Researchers have identified both algicidal bacteria and algal growth promoting bacteria 
(Doucette et al. 1998, Doucette et al. 1999, Liu et al. 2008a, 2008b, Mayali & Doucette 2002, 
Roth 2005).  The SCDNR-AEL is currently investigating the role that viruses play in the 
microbial ecology of stormwater detention ponds.  The field of environmental viral ecology is a 
relatively new one, and many habitats, both terrestrial and aquatic remain unexplored.  In 
addition to direct effects of viruses on HAB forming phytoplankton, they are studying the effects 
of viruses on other members of the plankton that may themselves affect HAB formation (e.g. 
algal growth promoting bacteria).  It is hypothesized that viruses can not only affect algal 
population directly (through infection) but indirectly through regulation of other algistatic 
microbes (e.g. algicidal bacteria).  These studies will not only provide important ecological data 
on microbial dynamics, but also have the potential to provide organisms useful for future 
mitigation strategies. 
Conclusions and Data Gaps 
In summary, high nutrient concentrations, high chlorophyll a concentrations, and the 
presence of HABs are common conditions in Southeastern coastal stormwater ponds.  These 
conditions lead to additional problems such as fish kills (either directly due to algal toxins, or 
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indirectly due to depleted oxygen when blooms degrade), negative health effects on aquatic 
organisms (for example, the Eastern oyster), and human health risks due to algal toxin exposure. 
Long-term monitoring and fish kill response efforts in 45 brackish detention ponds along the SC 
coast revealed the widespread and common occurrence of harmful algal blooms (HABs) 
(Kempton et al. 2002b, Lewitus & Holland 2003, Lewitus et al. 2003, 2004).  All of the observed 
HABs have precedence for toxicity and/or causing fish kills (Landsberg 2002). Researchers have 
also found that stormwater ponds with tidal exchange are a source of excess nutrients and 
harmful algal blooms inputs to adjacent coastal waters (Lewitus et al. 2003, Drescher 2005, 
Brock 2006).  
The problem of cultural eutrophication is well-established, and management solutions 
have been prescribed (Paerl 2006).  Nutrient inputs from atmospheric and groundwater sources 
are not as well characterized, although groundwater has been identified as a major route of 
nutrient transport in coastal soils (Vandiver-Hayes 2005).  Actions to control nutrient inputs, 
such as the use of vegetative buffers, can be effective in reducing nutrient runoff (USES 2004, 
Vandiver-Hayes 2005, Serrano & DeLorenzo 2007).   
The knowledge of how prevalent HABs are in stormwater ponds and what water quality 
conditions favor particular types of HABs is now fairly extensive (Wilde et al. 2005).  Additional 
research into the non-target effects of algal toxins on aquatic life is needed, as well as studies of 
the accumulation of algal toxins in fish and shellfish species.  The linkages between bloom 
dynamics and toxicity are not well understood.  
Technological advancements are needed to better predict, measure, and respond to HABs.  
Standard assays have been developed for detecting PSP toxins, brevetoxins and okadaic acid 
(Anderson et al. 2001, Maucher et al. 2007); microcystins, anatoxins and saxitoxins (Chorus & 
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Bartram 1999, Carmichael et al. 2001, Nicholson & Burch 2001).  Some toxins can be measured 
using rapid assays, however most still require costly and time-consuming analytical chemistry 
methods.  We have not yet identified many algal toxins.  Algal toxins typically require more than 
a decade to characterize, and appropriate standards for routine analysis and detection are not yet 
available for all algal toxins (Burkholder et al. 2005).  Once detection methods are available, 
there needs to be guidelines for the HAB toxins in surface waters.  The WHO (1999) has 
established a safety threshold of 1 µg/L for microcystin in drinking water, but there are not 
surface water quality criteria for microcystin or the many other algal toxins.   
Predicting HABs is a complex process for many reasons.  Algal cysts are transported 
between the sediments and the water column, some organisms have alternate reproductive 
strategies and multiple life stages, and trace amounts of rare elements may trigger a bloom.  
Continued experimentation with algicidal bacteria and viruses is needed to elucidate microbial 
interactions that may be useful in understanding HAB initiation and termination mechanisms. 
The formation of HABs is often not reproducible; that is they often fail to appear under what 
seem to be the same circumstances in which they appeared previously.  It is, therefore, difficult 
to identify important causal factors and to build robust predictive models.  Post-hoc modeling of 
HAB events can be informative (e,g, Silvert and Cembella 1999), and various mathematical 
models have been proposed (e.g. Chattopadhyay et al. 2002), but these are mostly limited 
spatially to a given location.  Franks (1997) provides a review of HAB models.  Real-time 
observations are essential for effective short-term operational forecasting of HABs (e.g. satellite 
imagery data of algal pigments), but predictive modeling systems still need to be developed.  The 
HAB Forecasting System provided by NOAA has had some success predicting the location, 
extent, and potential for development or movement of harmful algal blooms in the Gulf of 
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Mexico.  This forecasting system uses a combination of satellite imagery, field observations, and 
buoy data.   
NOAA, CCEHBR is collaborating with other federal, state and local agencies to develop 
a South Carolina Environmental Surveillance Network that would provide real-time surveillance 
and reporting of environmental incidents such as fish kills, bird kills, animal disease outbreaks, 
harmful algal blooms, marine mammal strandings, etc.  The program would notify participating 
network science and regulatory experts of mortality incidents; allow for quick assessments of 
potential links between and among mortalities and provides a mechanism to alert the emergency 
management community of incidents that could impact commerce and public health.  Through 
this program, data that were previously viewed independently could hence be considered 
collectively, perhaps improving our understanding of the interactions between water quality 
conditions and the occurrence of harmful algal blooms.  
 
 22 
 
 23 
Literature Cited 
 
Aboal M, Puig M (2005) Intracellular and dissolved microcystin in reservoirs of the River 
Segura basin Murcia SE Spain. Toxicon 45:509-518 
 
Anderson DM (1989) Toxic algal blooms and red tides: A global perspective. In: Okaichi T, 
Anderson DM, Nemoto T (eds) Red tides: biology, environmental science, and toxicology. 
Elsevier Science, p 11-16 
 
Balmer-Hanchey EL, Jaykus LA, Green DP, McClellan-Green P (2003) Marine biotoxins and 
algal origin and seafood safety. J Aquat Food Prod Tech 12(1):29-53 
 
Bottein-Dechraoui M-Y, Wang Z, Ramsdell JS (2007) Intrinsic potency of synthetically prepared 
brevetoxin cysteine metabolites BTX-B2 and desoxyBTX-B2. Toxicon 50(6):825-834 
 
Bowers HA, Tengs T, Glasgow HB Jr, Burkholder JM, Rublee PA, Oldach DW (2000) 
Development of real-time PCR assays for the rapid detection of Pfiesteria piscicida and related 
dinoflagellates. Appl Envir Microb 66:4641-4648 
 
Bricker SB, Clement CG, Pirhalla DE, Orlando SP, Farrow DRG (1999) National Estuarine 
Eutrophication Assessment: Effects of Nutrient Enrichment in the Nation’s Estuaries. U.S. Dept. 
of Commerce, National Oceanic and Atmospheric Administration, National Ocean Service, 
Special Projects Office: National Centers for Coastal Ocean Science, Silver Spring, MD, 31pp 
 
Brock LM (2006) Water quality nutrient dynamics, phytoplankton ecology, and land uses within 
defined watersheds surrounding six detention ponds on Kiawah Island, South Carolina. Master’s 
thesis, College of Charleston, Charleston SC 
 
Burkholder JM, Glasgow HB Jr (1997) Pfiesteria piscicida and other Pfiesteria-like 
dinoflagellates: Behavior impacts and environmental controls. Limnol Oceanogr 
42:1052-1075 
 
Burkholder JM (2001a) Eutrophication and oligotrophication. pp 649-670 In: Levin S (ed) 
Encyclopedia of biodiversity, Vol 2, Academic Press, New York 
 
Burkholder JM (2001b) Chronic impacts from toxic microalgae on finfish shellfish and human 
health. In: Bendell-Young L, Gallaugher P (eds) Waters in peril, Kluwer Academic Publishers, 
Dordrecht the Netherlands, p 103-126 
 
Burkholder JM, Gordon AS, Moeller PD, Law JM, Coyne KJ, Lewitus AJ, Ramsdell JS, 
Marshall HG,  Deamer NJ, Cary SC, Kempton JW, Morton SL, Rublee PA (2005) 
Demonstration of toxicity to fish and to mammalian cells by Pfiesteria species: Comparison of 
assay methods and multiple strains. Proceedings of the National Academy of Sciences (U.S.A) 
102:3471-3476 
 
 24 
Carmichael WW, Azevedo SMFO, An JS, Molica RJR, Jochimsen EM, Lau S, Rinehart KL, 
Shaw GR, Eaglesham GK (2001) Human fatalities from cyanobacteria: Chemical and biological 
evidence for cyanotoxins. Environ Health Pers 109(7):663-668 
 
Carmichael WW (2001) Health effects of toxin-producing cyanobacteria: "The CyanoHABs". 
Human Ecol Risk Assess 7(5):1393-1407 
 
Chattopadhyay J, Sarkar RR, El Abdllaoui A (2002) A delay differential equation model on 
harmful algal blooms in the presence of toxic substances. IMA J Math Appl Med Biol 19:137–
161 
 
Christoffersen K (1996) Ecological implications of cyanobacterial toxins in the aquatic food 
webs. Phycologia 35: 42-50 
 
Chorus I, Bartram J (1999) Toxic cyanobacteria in water: a guide to their public health 
consequences, monitoring, and management. Routledge, London, UK 
 
Doucette GJ, Kodama M, Franca S, Gallacher S (1998) Bacterial interactions with harmful algal 
bloom species: bloom ecology toxigenesis and cytology. In: Anderson DM, Cembella AD, 
Hallegraeff GM (eds) Physiological ecology of harmful algal blooms. Springer-Verlag, 
Heidelburg, p 619-648 
 
Doucette GJ, McGovern ER, Babinchak JA (1999) Algicidal bacteria active against 
Gymnodinium breve (Dinophyceae): bacterial isolation and characterization of killing activity. J 
Phycol 35:1447-1454  
 
Downing JA, Watson SB, McCauley E (2001) Predicting cyanobacteria dominance in lakes. Can 
J Fish Aquat Sci 58:1905-1908    
 
Drescher SR (2005) Capacity of nitrogen processing in watersheds surrounding detention ponds 
in Kiawah Island, South Carolina. Master’s thesis, College of Charleston, Charleston, SC 
 
Flewelling L, Naar J, Abbott J, Baden D, Barros N, Dechraoui Y-M, Hammond D, Haubold E, 
Heil C, Henry M, Jacocks H, Leighfield T, Pierce R, Pitchford T, Rowles T, Scott P, Steidinger 
K, Truby E, Van Dolah F, Landsberg J (2005) Fish and seagrass as vectors of brevetoxins during 
two marine mammal mortalities. Nature 435:755-756 
 
Franks PJS (1997) The ecology and oceanography of harmful algal blooms. Limnol Ocean 
42(5):1273-1282 
 
Friedman MA, Levin BE (2005) Neurobehavioral effects of harmful algal bloom (HAB) toxins: 
a critical review. J Internat Neuropsych Soc 11(03):331-338 
 
Freitas de Magalhaes V, Soares RM, Azevedo SMFO (2001) Microcystin contamination in fish 
from Jacarepaguá Lagoon (Rio de Janeiro Brazil): ecological implication and human risk 
Toxicon 39(7):1077-1085 
 25 
 
GEOHAB (2001) Global Ecology and Oceanography of Harmful Algal Blooms Science Plan, 
Glibert P, Pitcher G (eds), SCOR and IOC, Baltimore and Paris, 87 pp 
 
Glasgow H, Burkholder J, Mallin M, Deamer-Melia N, Reed R (2001) Field ecology of toxic 
Pfiesteria complex species and a conservative analysis of their role in estuarine fish kills. 
Environ Health Pers 109:715–730 
 
Glibert PM, Magnien R, Lomas MW, Alexander J, Fan C, Haramoto E, Trice M, Kana TM 
(2001) Harmful algal blooms in the Chesapeake and coastal bays of Maryland USA: comparison 
of 1997, 1998, and 1999 events. Estuaries 24(6A):875-883 
 
Glibert PM, Anderson DM, Gentien P, Grane´lli E, Sellner KG (2005) The global complex 
phenomena of harmful algal blooms. Oceanography 18(2):137-147 
 
Hallegraeff GM (1993) A review of harmful algal blooms and their apparent global increase. 
Phycologia 32:79-99 
 
Jacquet C, Thermes V, De Luze A, Puiseux-Dao S, Bernard C, Joly J-S, Bourrat F, Edery M 
(2004) Effects of microcystin-LR on development of medaka fish embryos (Oryzias latipes). 
Toxicon 43(2):141-147 
 
Kempton JW, Lewitus AJ, Deeds JR, McH Law J, Place AR (2002a) Toxicity of Karlodinium 
micrum (Dinophyceae) associated with a fish kill in a South Carolina brackish retention pond. 
Harmful Algae 1:233-241  
 
Kempton JW, Wolny J, Tengs T, Rizzo P, Morris R, Tunnell J, Scott P, Steidinger K, Hymel SN, 
Lewitus AJ (2002b) Kryptoperidinium foliaceum blooms in South Carolina: a multi-analytical 
approach to identification. Harmful Algae 1(4):383-392  
 
Kempton JW, Williams P, Wolny JL, Wilde SB, Lewitus AJ (2004) A real-time PCR assay for 
the detection of Kryptoperidinium foliaceum in South Carolina estuarine waters. In: Steidinger 
KA, Landsberg JA, Tomas CR, Vargo GA (eds) Harmful algae, 2001. Florida Fish and Wildlife 
Conservation Commission, Florida Institute of Oceanography and the Intergovernmental 
Oceanographic Commission of UNESCO, St Petersburg, FL  
 
Keppler CJ, Hoguet J, Smith K, Ringwood AH, Lewitus AJ (2005) Sublethal effects of the toxic 
alga Heterosigma akashiwo on the southeastern oyster (Crassostrea virginica). Harmful Algae 4: 
275-285 
 
Keppler CJ, Lewitus AJ, Ringwood AH, Hoguet J, Staton T (2006) Sublethal cellular effects of 
short-term raphidophyte and brevetoxin exposures on the eastern oyster Crassostrea virginica.  
Mar Ecol Prog Ser 312:141-147 
 
 26 
Lahti K, Rapala J, Fardig M, Niemela M, Sivonen K (1997) Persistence of cyanobacterial 
hepatotoxin microcystin-LR in particulate material and dissolved in lake water. Water Reserve 
31:1005-1012 
 
Landsberg J (2002) Effects of algal blooms on aquatic organisms. Rev Fish Sci 10:113-390 
 
Lewitus A, Hayes K, Kempton J, Mason L, Wilde S, Williams B, Wolny J (2004) Prevalence of 
raphidophyte blooms in South Carolina brackish ponds associated with housing and golf courses. 
In: Steidinger KA, Landsberg JA, Tomas CR, Vargo GA (eds) Harmful algae, 2002.  Florida 
Fish and Wildlife Conservation Commission, Florida Institute of Oceanography and the 
Intergovernmental Oceanographic Commission of UNESCO, St Petersburg, FL p 350-352 
 
Lewitus AJ, Schmidt LB, Mason LJ, Kempton JW, Wilde SB, Wolny JL, Williams BJ, Hayes 
KC, Hymel SN, Keppler CJ, Ringwood AH (2003) Harmful algal blooms in South Carolina 
residential and golf course ponds. Population and Environment 24(5):387-413 
 
Lewitus AJ, Holland AF (2003) Initial results from a multi-institutional collaboration to monitor 
harmful algal blooms in South Carolina. Environ Monit Assess 81:361-371 
 
Lewitus AJ, Hayes KC, Gransden SG, Glasgow HB Jr, Burkholder JM, Glibert PM, Morton SL 
(2001) Ecological characterization of a widespread Scripsiella red tide in South Carolina 
estuaries: a newly observed phenomenon. In: Hallegraeff, GM, Blackburn S, Bolch C, Lewis R 
(eds) Proc of the Ninth International Conference on Harmful Algal Blooms, IOC UNESCO, 
Paris, p 129-132 
 
Liu J, Lewitus AJ, Kempton JW, Wilde SB (2008a) The association of algicidal bacteria and 
raphidophyte blooms in South Carolina brackish detention ponds. Harmful Algae 7(2):184-193 
 
Liu J, Lewitus AJ, Brown P, Wilde SB (2008b) Growth-promoting effects of a bacterium on 
raphidophytes and other phytoplankton. Harmful Algae 7(1):1-10 
 
Mallin MA, Parsons DC, Johnson VL, McIver MR, CoVan HA (2004) Nutrient limitation and 
algal blooms in urbanizing tidal creeks. J Exper Mar Biol Ecol 298:211-231 
 
Mallin MA, Ensign SH, Wheeler TL, Mayes DB (2002) Surface water quality: pollutant removal 
efficacy of three wet detention ponds. J Environ Qual 31:654-660 
 
Mallin MA, Williams KE, Esham EC, Lowe RP (2000) Effect of human development on 
bacteriological water quality in coastal watersheds. Ecol Appl 10:1047-1056 
 
Maucher JM, Brigg L, Podmore C, Ramsdell JS (2007) Optimization of blood collection card 
method/enzyme-linked immunoassay for monitoring exposure of bottlenose dolphin to 
brevetoxin-producing red tides. Environ Sci Tech 41:563-567 
 
Mayali X, Doucette GJ (2002) Microbial community interactions and population dynamics of an 
algicidal bacterium active against Karenia brevis (Dinophyceae). Harmful Algae 1:277-293  
 27 
 
Mazur H, Plinski M (2001) Stability of cyanotoxins microcystin-LR microcystin-RR and 
nodularins in seawater and BG-11 medium of different salinity. Oceanologia 43(3):329-339 
 
Nicholson BC, Burch MD (2001) Evaluation of Analytical Methods for Detection and 
Quantification of Cyanotoxins in Relation to Australian Drinking Water Guidelines. Australian 
Cooperatie Research Centre for Water Quality and Treatment. Salisbury, South Australia.  
 
Novotny V (1995) Nonpoint Pollution and Urban Stormwater Management. Technomic 
Publishing Company, Inc., Lancaster, PA 
 
Onodera H, Oshima Y, Hemriksen P, Yasumoto T (1997) Confirmation of anatoxin-a(s) in the 
cyanobacterium Anabaena lemmermannii as the cause of bird kills in Danish lakes. Toxicon 
35:1645-1648  
 
Orr PT, Jones GJ (1998) Relationship between microcystins production and cell division rates in 
nitrogen-limited Microcystis aeruginosa cultures. Limnol Ocean 43:1604-1614 
 
Paerl HW (1997) Coastal eutrophication and harmful algal blooms: Importance of atmospheric 
deposition and groundwater as "new" nitrogen and other nutrient sources. Limnol Ocean 42(5): 
1154-1165 
 
Paerl HW (2006) Assessing and managing nutrient-enhanced eutrophication in estuarine and 
coastal waters: Interactive effects of human and climatic perturbations. Ecol Engin 26(1):40-54 
 
Roth P (2005) The microbial community associated with the Florida red tide dinoflagellate 
Karenia brevis: algicidal and antagonistic interactions. Master’s thesis, College of Charleston, 
Charleston, SC 
 
SCDHEC (2001) Water Classifications and Standards (Regulation 61-68) and Classified Waters 
(Regulation 61-69) for the State of South Carolina. Office of Environmental Quality Control, 
Columbia, SC  
 
SCDHEC (2007) State of the Knowledge Report: Stormwater Ponds in the Coastal Zone. South 
Carolina Dept of Health and Environmental Control, Office of Ocean and Coastal Resource 
Management, Columbia, SC 
  
Serrano L, DeLorenzo ME (2008) Water quality and restoration in a coastal subdivision 
stormwater pond. J Environ Mgmt 88(1): 43–52 
 
Silvert WL, Cembella AD (1999) Inverse modelling of toxic algal bloom dynamics and cell 
toxicity by back-calculation from shellfish toxicity. In: Martin JL, Haya K (eds) Proc. 6th Can. 
Workshop on Harmful Marine Algae, St. Andrew's, N.B, Canada, Tech Rep Fish Aquat Sci 
2261: 44-51 
 
 28 
Smayda TJ (1989) Primary production and the global epidemic of phytoplankton blooms in the 
sea: A linkage? In: Cosper EM, Bricelj VM, Carpenter EJ (eds) Novel phytoplankton blooms. 
Springer-Verlag, Berlin, p 449-483 
 
Smayda TJ (1990) Novel and nuisance phytoplankton blooms in the sea: evidence for a global 
epidemic. In: Granéli E, Sundström B, Edler L, Anderson DM (eds) Toxic marine 
phytoplankton. Proc 4th International Conference on Toxic Marine Phytoplankton, Lund, 
Sweden, p 29-40 
 
USEPA (2001) Ambient water quality criteria recommendations: Information supporting the 
development of state and tribal nutrient criteria. Lakes and reservoirs in nutrient ecoregion XIV, 
Office of Water 4304, US Environmental Protection Agency, Washington DC 
 
USES (Urbanization and Southeastern Estuarine Systems) (2004) Final project report submitted 
by the University of South Carolina, Columbia, SC and NOAA, National Ocean Service, Center 
for Coastal Environmental Health and Biomolecular Research, Charleston, SC. NOAA grant 
#NA16OA2562, and South Carolina Sea Grant Consortium grant #6257. 
 
Vandiver-Hayes L (2005) Characterizing pollutant transport through a coastal residential lawn of 
vegetated buffer. Master’s thesis, College of Charleston, Charleston, SC 
 
Van Dolah FM, Roelke D, Greene RM (2001) Health and ecological impacts of harmful algae 
blooms: risk assessment notes. Human Ecol Risk Assess 7(5):1329-1345 
 
Van Dolah RF, Jutte PC, Riekerk GHM, Levisen MV, Zimmerman LE, Jones JD, Lewitus AJ, 
Chestnut DE, McDermott W, Bearden D, Scott GI, Fulton MH (2002) The Condition of South 
Carolina’s Estuarine and Coastal Habitats During 1999-2000: Technical Report. Charleston, SC: 
South Carolina Marine Resources Division.Technical Report No. 90. 132pp 
 
Vézie C, Rapala J, Vaitomaa J, Seitsonen J, Sivonen K (2002) Effect of nitrogen and phosphorus 
on growth of toxic and nontoxic Microcystis strains and on intracellular microcystin 
concentration. Microb Ecol 43:443-454 
 
Vieira J, Azevedo M, Oliveira-Azevedo S, Honda R, Correa B (2005) Toxic cyanobacteria and 
microcystin concentrations in a public water supply reservoir in the Brazilian Amazonia region. 
Toxicon 1-9 
 
Watanabe MF, Harada K, Carmichael WW, Fujiki H (1995) Toxic Microcystis. CRC Press Inc., 
New York, USA 
 
WHO (1999) Toxic Cyanobacteria in Water: A guide to their public health consequences, 
monitoring and management. World Health Organization, Printed and bound in Great Britain by 
St Edmundsbury Press, Bury St Edmunds, Suffolk 
 
 29 
Wilde SB, Lewitus AJ, Van Dolah R, DeVoe M (2005) SCHABP report NOAA, NOS Grant 
#NA06OA0675, The South Carolina Harmful Algal Bloom Program Final Report for the Period 
1 Oct 2000 to 30 September 2005 
 
Wolny JL, Kempton JW, Lewitus AJ (2004) Taxonomic re-evaluation of a South Carolina ‘red 
tide’ dinoflagellate indicates placement in the genus Kryptoperidinium. In: Steidinger KA, 
Landsberg JA, Tomas CR, Vargo GA(eds) Harmful Algae, 2002. Florida Fish and Wildlife 
Conservation Commission, Florida Institute of Oceanography and the Intergovernmental 
Oceanographic Commission of UNESCO, St Petersburg, FL  
 
Zingmark RG (1975) The phytoplankton of Kiawah Island. In: Campbell WM, Dean JM (eds) 
Environmental inventory of Kiawah Island. Environmental Research Center, Columbia, SC p 3-
38 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
United States Department of Commerce 
 
 
 
 
National Oceanic and Atmospheric Administration 
 
Mary M. Glackin 
Deputy Under Secretary for  
Oceans and Atmosphere  
National Oceanic and Atmospheric Administration (NOAA)  
   
 
National Ocean Service 
 
John (Jack) H. Dunnigan 
 Assistant Administrator for Ocean Service and Coastal Zone Management 
  
  
